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Introduction  
Recycling of industrial by-products and 
waste materials is popular among manufacturing 
and construction industries. This type of material 
reuse also has become accepted practice for 
transportation agencies since these materials are 
attractive based on cost compared to conventional 
aggregates.  However, research has indicated that 
the chemical reactivity of these materials may result 
in negative environmental impact.   
Air-cooled blast furnace slag (BFS) is a 
by-product of iron and steel production.  This 
stone-like material is often used as support media 
for highway construction.  Specific uses include 
concrete and asphalt aggregates, highway shoulder 
berms, driveway and parking lot fills, and as 
railroad grade ballast. There has been evidence that 
leachate with characteristics harmful to the 
surrounding ecosystem may be generated from this 
slag.  Leaching issues are particularly problematic 
with unweathered slag. These problems include 
increases in pH, oxygen depletion, release of 
metals, sulfur, precipitation of drain clogging tufa, 
as well as occurrence of color and odor nuisances.   
A slag leachate problem was observed in 
Northwest Indiana several years ago.  Slag material 
was used for an embankment located under I-65 
near Hobart, Indiana.  Approximately fourteen 
inches of slag was used in the construction of the 
sub-base under the highway pavement and slag 
surrounded the box culvert within the 
embankment.  Groundwater in contact with the 
slag-produced leachate with a greenish/yellow 
color and hydrogen sulfide odor at a pH of 12. 
Indiana Department of Environmental 
Management (IDEM) classified this site as 
hazardous due elevated pH measurements.   
In this research project, the use of 
engineered constructed wetlands was assessed to 
mitigate the impacts of the slag leachate.  
Constructed wetlands treatment is a low-cost, low 
maintenance process and is often used for the 
removal of contaminants from domestic and 
industrial wastewater.  A field scale subsurface 
constructed wetland was designed to treat the slag 
leachate in northwest Indiana. If this constructed 
wetland approach is shown to be successful for 
remediation of slag leachate, then INDOT may 
have an alternative for addressing the problem 
statewide.   
. 
Findings  
The constructed wetland was effective in reducing 
a number of the leachate constituents that 
impacted the adjacent surface water quality, 
including pH, TDS, salinity, and sulfate.  The 
system was most effective under low flow 
conditions and extended retention times between 
surges of leachate into the wetland. The zero flow 
restriction of the system was met and resulted in 
elevated concentrations of salts and metals in the 
sediments. Treatment of the slag leachate could 
possibly be enhanced through the use of a flow-
through system that utilizes different options: 
reciprocating flow regime, alternating organic 
substrate, and process segmentation to utilize both 
aerobic and anaerobic processes. 
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Figure 0.1 Blast Furnace Slag Sample from Levy 






Figure 0.2 Transformation Pathways for Physical 




Figure 0.3 Remediation Approach for Constructed 
Subsurface Wetland. 
 
CHARACTERISTICS OF SLAG LEACHATE PRODUCED UNDER REDUCED 
AND OXIDIZED CONDITIONS 
Introduction 
Reuse of the slag products has gained popularity (NSA, 1998), but the application must be carefully chosen
stable Fe-Mn-Ca silicate material, it is not chemically inert and can significantly impact 
leachate conductivity and pH (Rastovcan et al, 2000).  The elevated lime content of slag 
will generate highly alkaline solutions when in contact with water, as shown in Equation 
4.1.  In the presence of CO2(g), the latter reaction becomes somewhat buffered by the 
saturation of pore water with, and subsequent precipitation of CaCO3 (Equation 4.4).  Lime, 
CaO(lime), initially reacts with water to generate calcium and hydroxide ions and a solution 
with pH 11 to 13: 





















































































































Figure 0.4  Chromatogram for Laboratory Generated Leachate 
Produced Under Oxidized Conditions for 42 Days. 
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Figure 0.5  Chromatogram for Laboratory Generated Leachate 
Produced Under Reduced Conditions for 34 Days.  
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APPENDIX A. SHAKER STUDY: SETUP AND OBSERVATIONS 
 
    
 








        
 
 
       
 
 







      
 
 
     
 





APPENDIX B. I-80/94 OBSERVATIONS AND WETLAND TRENCH / PLANT 
SPECIES SURVIVABILITY STUDY 
        
 
   
 






























   
Figure B.3 Construction wetland trenches Summer 2002 
 
   
Figure B.4 Planting of Wetland Trenches Summer 2002 
 
  













Figure B.6 I-80/94 James Hunter in Front of Bulrush.  Invasive Phragmites top left.  June 





   
 
   
 
   
 
Figure B.7  I-80/94 Trenches 1 through 6.  Bulrush only plant emergent and showing 










    
 
 







Figure C.2  I-65 Hobart, Lake County, 2000 Project, R-24330, Photo 10/23/01, 
Milky white “tufa” leachate after reaction 

















Figure C.4 Seepage along outside of embankment 
Leachate at the wingwall Leachate approximately 50 feet from wingwall 
WINGWALL 
Cross pipe headwall, outlet of pipe 











Figure C.5  Leachate problem, to lake 2001
Milky white leachate in side ditch


























APPENDIX D. I-65 FIELD SITE: SETUP, CONSTRUCTION, AND 
OBSERVATIONS 























































Figure D.5  Construction – Retention mound constructed 
 
 
   
 































































   
May 2004   
   
March 2005   
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March 2006   
 






































    
 





























June 2005  
 












Figure D.21  March 2005 – East end of wetland, white “tufa” precipitation showing 






Figure D.22  Before and After Vandalism at Field Ssite 

























   
 













































































Figure D.33 March 2004 - Emergent Leachate East of Box Culvert 




















Figure D.36  May 2003 - Leachate Leaking Under Insulated Drainage Structure. 







Biker Using Bike Path May 2005 
 
    
Bike Path - East Away From Wetland      November 2005 – View From I-65 
 
   
Recreational Users of Lake Robinson             Farm property south of wetland site 
 
Figure D.37 Landuse of Area Adjacent to the Constructed Wetland Cell
